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An epithelial airway-derived 3-D cell culture model is described. The long lifetime of this model, compared to monolayer cultures of
primary cells, allows many experiments with material from one single patient to be performed.
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In the epithelial airway-derived 3-D cell culture model
(‘‘cell balls’’) described here, cells are grown under con-
ditions as close as possible to the in vivo situation. The long
lifetime of the cell balls (6 weeks to 6 months), compared to
monolayer cultures of primary cells, allows many experi-
ments with material from one single patient and long time
studies to be performed. Therefore, 3-D cell culture is a
good model for various studies, like the bacteria/eukaryotic
cell interactions described elsewhere in this supplement [1].
The primary cell culture model is a modification of the one
previously described by Jorrissen et al. [2].2. Protocol
2.1. Materials
Washing medium: (DMEM/HAM’s F12 1:1); Enzyme
(Pronase 0.1%). Culture medium: DMEM/HAM’s F12 1:1;
50 Ag/ml penicillin; 50 Ag/ml streptomycin; 1000 U/ml
Nystatin; 10 ng/ml cholera toxin, retinoic acid 10 7 M;
2% Ultroser G. Transport medium (as culture medium
without cholera toxin, retinoic acid and Ultroser G). Culture1569-1993/$ - see front matter D 2004 European Cystic Fibrosis Society. Publish
doi:10.1016/j.jcf.2004.05.012
Abbreviations: 3-D cultures, three-dimensional cultures.
* Corresponding author. Institute of General and Environmental
Hygiene, Faculty of Medicine, University of Tu¨bingen, Wilhelmstrasse
31, D-72074, Tu¨bingen, Germany. Tel.: +49-7071-2982069; fax: +49-7071-
293011.
E-mail address: gerd.doering@uni-tuebingen.de (G. Do¨ring).material (T25 tissue culture flask, 50 ml Falcon tube, 10 cm
Petri dishes).
2.2. Method
Full details of this methodology are to be found at the
European Working Group on CFTR Expression website [3].
Briefly, human respiratory blocks of epithelial tissue,
obtained from nasal polypectomy, lobectomy or lung trans-
plantation are immediately transferred in 50 ml Falcon tubes
containing transport medium. Up to 12 h thereafter, speci-
mens are repeatedly washed with washing medium. The
tissue is cut into 5 5 5 mm3 blocks and digested in 7.5
ml transport medium with 0.1% Pronase overnight at 4 jC
with gentle agitation to separate the epithelium from the rest
of the tissue. The dissolved tissue is transferred to a Petri
dish containing 20 ml of washing medium in order to
discard macroscopic tissue parts using small forceps. The
remaining turbid suspension containing the epithelium is
again transferred to a Falcon tube. The suspension is
centrifuged at 250 g for 10 min, the supernatant discarded
and the washing process repeated four times using washing
medium at room temperature to remove protease. The pellet
is then resuspended in a T25 flask containing 7.5 ml culture
medium. The number of life cells per ml is determined in a
Neubauer chamber using the trypan blue exclusion assay.
The procedure is continued if at least 90% of epithelial cells
are alive. Cells are incubated at 37 jC, 5% CO2 with
continuous gentle agitation for 1 day to form cell balls
(Fig. 1). Thereafter, the suspension is transferred to a Falcon
tube, centrifuged as described above, the supernatant dis-
carded and the pellet resuspended in 7.5 ml of fresh cultureed by Elsevier B.V. All rights reserved.
Fig. 1. Human airway epithelium cell balls. Scanning electron micrographs (A, B, C, E) and transmission electron micrographs (D, F) of cell balls; (A) 14-day-
old typical spheroid (magnification:  500) showing the beginning of ciliogenesis (insert magnification:  1200); (B) 35-day-old spheroid (magnification:
 300) showing complete ciliogenesis (insert magnification:  5000). (C, D) Intact cilia, 10–12 Am long showing typical 9 + 2 structure (magnification: C:
 12,000; D: 17,000). (E, F) Cell balls revealing mucus secretion from vesicles in goblet cells (magnification: E:  9000; F:  6000).
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with agitation for 10 days.
After 10 days, cell balls are kept in a T25 flask at 37
jC and 5% CO2 without agitation and medium is changed
every 3 days. Cell balls are viable for up to 6 months (cell
balls from nasal polyps) and 6 weeks (cell balls from lung
tissue). Ciliar function is checked after 4 weeks byassessing microscopically the rotational speed (8–12
rpm). Secretion of mucins by cell balls can be assessed
using mucicamin staining. Cell balls can be used for
experiments after approximately 4 weeks in culture (Fig.
1B) [4]. This procedure can be adopted for 3-D cultures of
colonic epithelial cells or liver cells by changing culture
conditions.
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